Background and objectives: Intracranial artery calcification (IAC) is frequently observed on brain computed tomography (CT) scans in stroke patients. This retrospective study was designed to determine the prevalence, risk factors, and clinical relevance of IAC in a cohort of patients with ischemic stroke.
V ascular calcification is widely acknowledged to be an integral part of the atherosclerotic process and occurs in 80 to 90% of atheromatous lesions (1) . Arterial calcifications have a number of adverse hemodynamic consequences that can cause cardiac, vascular, and brain diseases (2) . Several studies have demonstrated that atherosclerosis in endstage renal disease patients and in patients with less advanced CKD is more frequent than in the general population (reviewed by Vanholder et al. [3] ). Furthermore, exacerbated atherosclerotic disease in patients with CKD is characterized by a high degree of medial and intimal calcification (4, 5) . The mechanisms by which CKD may increase vascular calcification have not been elucidated but may include factors associated with a decline in renal function, i.e., anemia, oxidative stress (6), deregulation in calcium-phosphate homeostasis, inflammatory syndrome (7), decreased nitric oxide availability (8) , and conditions promoting coagulation.
Arterial calcification is an easily identifiable marker. In clinical practice, the methods used to assess vascular calcification in CKD patients include standard radiography of the aorta and iliac arteries (9, 10) and echocardiography of the heart valves (11) . Furthermore, the sensitive, reliable assessment of coronary artery calcification using multi-detector-row computed tomography (MDCT) (12, 13) constitutes a significant step forward in the routine detection of coronary artery disease.
Vascular calcification can also be assessed in various peripheral sites from plain radiographs of the hands (9) and a head CT scan (14) . Indeed, intracranial artery calcification (IAC) is frequently observed on head CT scans in stroke patients (14 -16) . However, the link between IAC and atherosclerosis has not been evaluated. Moreover (and to the best of our knowledge), no report has evaluated the impact of CKD on the pathogenesis of IAC. Lastly, the predictive value for IAC on the patient's outcome has not been determined. The aim of the present study was therefore to evaluate the prevalence, risk factors, and clinical relevance of IAC in a retrospective study of a cohort of ischemic stroke patients.
Materials and Methods
This retrospective study was performed in Amiens University Hospital's Department of Neurology and Stroke Unit and received Institutional Review Board approval. All patients referred for transient ischemic attack (TIA) or acute ischemic stroke between January and December 2006 (inclusive) were retrospectively screened. For each patient, clinical data were collected according to a standardized protocol (17) . Computed tomography, electrocardiogram (ECG), cervical Doppler ultrasonography, transthoracic echocardiography, and standard laboratory tests were performed in all patients on admission. Transoesophageal echocardiography, specialized laboratory tests, Holter ECG monitoring, magnetic resonance imaging, and/or angiography were performed in selected patients.
A total of 379 consecutive ischemic stroke patients were admitted to the Neurology Department during 2006. Thirty-nine patients were excluded from the study: 8 died prematurely, 7 had been referred from another hospital where a CT scan has been performed, and 24 had missing data (LDL cholesterol [LDL-c]: n ϭ 17; body mass index [BMI] : n ϭ 7). The remaining 340 patients were included.
The following variables concerning the acute stage of ischemic stroke were collected: age, gender, cause of ischemic stroke (according to the TOAST criteria (18) ) and previously identified stroke risk factors or those discovered during hospitalization, including hypertension (antihypertensive treatment or systolic BP Ͼ 140 mmHg or diastolic BP Ͼ 90 mmHg before hospitalization), diabetes (insulin or oral antidiabetic therapy or fasting blood glucose Ͼ 7 mmol/L on two occasions during hospitalization), hyperlipidemia (lipid lowering treatment or LDL-c Ͼ 1 g/L), coronary artery disease (defined as a known history of myocardial infarction or angina), current smoking, regular alcohol consumption (Ͼ2 alcoholic drinks daily), peripheral artery disease, and BMI (kg/m 2 ). The serum C-reactive protein (CRP) concentration was also recorded. The GFR was estimated using the four-component Modification of Diet in Renal Disease (MDRD) equation, which is based on age, gender, race, and serum creatinine concentration determined on admission (19) . The presence of CKD was defined as a GFR Ͻ60 ml/min/1.73 m 2 , in accordance with the National Kidney Foundation criteria (20) . All CT examinations were performed on a 64-slice MDCT system (0.625 mm maximum slice thickness, with no intersection gap). Bone window CT images covered the whole brain (from the skull base to the vertex), to identify the presence of IAC. Calcification foci were defined as hyperdense foci with a median density greater than 130 Hounsfield units (21) . The scoring system was based on a modification of the method originally described by Woodcock for calcification noted in carotid angiography and then adapted by Erbay for grading intracranial carotid artery calcification on CT scans (22, 23) . According to our modification, grade 0 corresponds to the absence of calcifications or tiny scattered calcification foci seen on only one slice, and grade 1 corresponds to thick contiguous calcification; thick interrupted calcification; thin confluent calcification; or tiny, scattered calcification foci seen on at least two adjacent slices (Figure 1 ). This semiquantitative scoring system was applied to seven intracranial arteries: the right and left internal carotid arteries, the right and left middle cerebral arteries, the right and left vertebral arteries, and the basilar artery. Hence, the IAC scores ranged from 0 (no calcification) to 7 (calcification in all seven intracranial arteries examined). The anterior cerebral and posterior cerebral arteries were not evaluated because IAC in these locations is very rare (14) . Two trained neurologists examined the CT scan independently to grade the calcification. Interobserver variability was assessed by blinded rereview of 50 patients: the interobserver agreement on the presence of IAC was excellent: all patients free of IAC were well categorized ( ϭ 1), and 46 patients had exactly the same grade of calcification; in four patients, the value differed by only one grade, and this concerned carotid arteries (right carotid artery: ϭ 0.96; left carotid artery: ϭ 0.92).
Given that hospitalization was too short (Ͻ90 d) in the majority of patients to see any differences in the modified Rankin scale (24), disability was evaluated using the length of hospitalization as an index of overall severity. The median length of hospitalization was used to dichotomize good (Յ9 d) and poor (Ͼ9 d) outcomes.
To determine the prevalence of IAC in a control group, we selected patients who had been admitted for neurologic diseases other than stroke or ischemic attacks. All patients referred for nonstroke neurologic disorders from January to July 2007 were screened, and the same clinical and biochemical variables were analyzed. A total of 223 patients were admitted during this period. Fifty-two controls were subsequently excluded from the study (30 did not had a brain CT scan performed with a 64-slice MDCT and no GFR was available for 22 individuals). The remaining 171 controls were included.
Statistical Analyses
Risk factors in patients with and without IAC were compared using t test for continuous variables and 2 tests for categorical variables. The dependent variables were: age, gender, main risk factors (hypertension, diabetes mellitus, hypercholesterolemia, ischemic heart disease, smoking, alcohol, peripheral artery disease, and BMI), previous stroke or TIA, CKD, causes of ischemic stroke (according to the TOAST criteria (18)), LDL-c, CRP, GFR, and log-transformed CRP levels. Stepwise backward logistic regression analysis was used to select independent variables predicting the presence of IAC (absence ϭ grade 0; presence ϭ grade Ն1). Pertinent variables selected in a univariate analysis with P Ͻ 0.1 (age, length of hospitalization, hypertension, smoking, diabetes mellitus, coronary artery disease, peripheral artery disease, carotid atherosclerosis Ͼ 50%, cardioembolic stroke, GFR, fasting glucose, and CRP levels) were tested in a multivariate analysis, and adjusted odd ratios (ORs) and 95% confidence intervals (CIs) were generated. The relationships between the degree of renal function according to National Kidney Foundation subgroups (defined as follows: stage I: GFR: Ն 90 ml/min; stage II: GFR between 60 and 89 ml/min; stage III: GFR between 30 and 59 ml/min; stage IV: GFR between 15 and 29 ml/min; stage V: GFR Ͻ 15 ml/min) and IAC scores were examined in a separate analysis. A second series of analyses examined the predictors of overall stroke severity, as indexed by the length of hospitalization. The dependent variables were: age, gender, vascular risk factors, causes of ischemic stroke (according to the TOAST criteria (18)), IAC, and renal clearance. Stepwise forward logistic regression analyses were performed as described above, using the length of hospitalization (Յ9 d, Ͼ9 d) as the dependent variable. Similar statistical analysis were performed in the population of patients with nonstroke disorders (n ϭ 171) and in the entire population (i.e., pooled stroke and nonstroke patients, n ϭ 511) to examine factors predicting the presence of IAC. P values Ͻ 0.05 were considered to be statistically significant. All statistical analyses were performed with SPSS statistical software.
Results

Stroke Patients (n ϭ 340)
Two hundred fifty-nine patients (76.2%) displayed IAC. The highest prevalence of IAC was seen in internal carotid arteries (72.9%; right: 66.5%; left: 62.6%), followed by vertebral arteries (37.3%; right: 25.0%; left: 26.5%). A similar prevalence of IAC was observed in the middle cerebral (4.4%; right: 6.7%; left: 3.8%) and basilar (3.5%) arteries.
Patient characteristics according to the presence of IAC are listed in Table 1 . On the basis of a univariate analysis, patients with IAC were older and had more hypertension, diabetes mellitus, coronary artery disease, peripheral artery disease, carotid atherosclerotic disease Ͼ 50%, cardioembolic stroke, and CKD. The GFR was significantly lower in patients with IAC, whereas serum creatinine, fasting blood glucose, and LDL-c levels were significantly higher ( Table 2) . A significant association between the IAC score and the MDRD subgroups was also observed (Figure 2 ). Stepwise logistic regression selected the following independent factors for IAC: age (OR: 2.7 every 10 yr; 95% CI: 2.1 to 3.6; P Ͻ 0.001), carotid stenosis Ͼ 50% (OR: 5.9; 95% CI: 1.3 to 16.1; P ϭ 0.02), and GFR (OR: 0.82 for every decrease of 10 ml/min/1.73 m 2 ; 95% CI: 0.70 to 0.99; P ϭ 0.014).
In a univariate analysis, a longer length of hospitalization was associated with peripheral artery disease, atherosclerotic disease Ͼ 50%, IAC, age, CKD, and major cardiovascular events. However, in the stepwise logistic regression, only age was selected as an independent predictor of the length of Results are presented either as means Ϯ standard deviation (age and length of hospitalization) or as n (%) with n ϭ number of patients and % ϭ percentage of patients in the group. NS, nonsignificant; CAD, coronary artery disease; PAD, peripheral artery disease; TIA, transient ischemic attack; BMI, body mass index. hospitalization (OR: 1.5 every 10 yr; 95% CI: 1.2 to 1.8; P Ͻ 0.001).
Control Group (n ϭ 171)
Indications for hospitalization in the nonstroke population are reported in Table 3 . Sixty-three (36.8%) nonstroke patients had hypertension, 28 (16.4%) had dyslipidaemia, 24 (14.0%) had diabetes, and 17 (9.9%) smoked. One hundred three patients (60.2%) had IAC. Patients with IAC were older (70.3 Ϯ 9.9 versus 55.3 Ϯ 15.9 yr; P Ͻ 0.001) and had a lower GFR (72.4 Ϯ 21.3 versus 92.7 Ϯ 19.3 ml/min/1.73 m 2 ; P Ͻ 0.001). Hypertension (P Ͻ 0.001), diabetes (P ϭ 0.013), and CKD (P Ͻ 0.001) were also more frequent in patients with IAC. In a multivariate analysis, age (OR: 2.6 every 10 yr; 95% CI: 1.48 to 2.84; P Ͻ 0.001), hypertension (OR: 2.9; 95% CI: 1.22 to 6.70; P Ͻ 0.016), and GFR (OR: 0.74 for every decrease of 10 ml/min/1.73 m 2 ; 95% CI: 0.60 to 0.90; P ϭ 0.002) were found to be independently associated with IAC.
All Patients (N ϭ 511)
The patients' characteristics according to the presence of IAC are listed in Table 4 . In a univariate analysis, patients with IAC were significantly older and were more likely to have vascular risk factors (hypertension, diabetes mellitus, coronary artery disease, peripheral artery disease, carotid atherosclerotic disease Ͼ 50%, cardioembolic stroke) and CKD. In addition, the frequency of IAC was significantly higher in stroke patients than in nonstroke patients. Age (OR: 2.6 every 10 yr; 95% CI: 1.10 to 3.11; P Ͻ 0.001), hypertension (OR: 1.7; 95% CI: 1.01 to 2.76; P ϭ 0.044), stroke (OR: 1.89; 95% CI: 1.13 to 3.14; P Ͻ 0.014), and GFR (OR: 0.82 for every decrease of 10 ml/min/1.73 m 2 ; 95% CI: 0.73 to 0.90; P ϭ 0.001) were found to be independently associated with IAC.
Discussion
The present study confirms the high prevalence of IAC in patients with ischemic stroke. It shows for the first time that Results are presented either as means Ϯ standard deviation or for CKD as n (%) with n ϭ number of patients and % ϭ percentage of patients in the group. NS, nonsignificant; GFR, glomerular filtration rate estimated using the four-component Modification of Diet in Renal Disease (MDRD) equation; LDL-c, low density lipoprotein cholesterol; CRP, C-reactive protein. IAC is associated not only with aging and severe atherosclerosis but also with the presence of CKD. Lastly, IAC was associated with increased length of hospitalization in a univariate analysis but not in a multivariate analysis. We also found a high prevalence of IAC in nonstroke patients, although with lower frequency than was observed in stroke patients. Furthermore, the association between IAC and CKD is not restricted to patients hospitalized for stroke but is also found in a population of patients hospitalized for other neurologic disorders. The prevalence of IAC in stroke patients in the present study (76.2%) was higher than that observed in work by Sohn et al. (40%) (16) . This discrepancy may be due to the different methods used to determine IAC; Sohn et al. used conventional CT with a slice thickness of 5 mm, whereas we used the more sensitive 64-slice MDCT (16) . In contrast, a more recent study performed in China with the same technique as used here (i.e. MDCT) reported a higher prevalence of IAC (92%) in patients with ischemic stroke (15) . This finding cannot be attributed to a difference in the mean age of the patients (which was similar in the two studies) but may be related to the fact that intracranial atherosclerosis is more frequent in Chinese patients than in Caucasian populations (25) . An additional explanation may be related to the difference in CT attenuation threshold used, because it has been suggested that a CT attenuation threshold of at least 130 Hounsfield units is needed to adequately resolve calcification from the surrounding tissues (26). Chen et al. (14) used a lower limit of over 90 and may thus have overestimated the calcification.
In the present study, age was found to be a risk factor associated with IAC. The increasing prevalence of IAC with advanced age has already been reported and might reflect the progressive development of atherosclerosis (27) . We also found a strong association between IAC and carotid atherosclerotic stenosis, one of the most well defined stroke vascular risk factors. Previous studies have shown a similar association between stroke vascular risk factors and IAC in stroke-free patients (14, 28) .
Although aortic and coronary calcification is a strong predictor of cardiovascular morbidity and mortality, the clinical significance of IAC remains unclear. Some investigators indicate that vascular calcification is a marker of atherosclerotic plaque burden (13, 29) , whereas others have reported that calcified carotid atherosclerotic plaques are associated with fewer ischemic symptoms than noncalcified carotid atherosclerotic plaques (21, 30) . IAC was recently shown to be a risk factor for ischemic stroke in a Chinese population (15) . In contrast, other studies report that IAC does not seem to play a major role in cerebral infarcts (31, 32) . Only Erbay et al. reported a partial association between acute small vessel cerebral infarcts and high-grade internal carotid calcification (22) . The latter authors suggested that IAC may be a marker for intracranial artery stenosis, an uncommon cause of ischemic stroke. However, a recent histologic study of atherosclerotic stenosis in the middle cerebral artery did not support this hypothesis, because only the degree of luminal stenosis, lipid area, and neovasculature were found to be predictors of cerebrovascular events (33) .
We also found a high prevalence of IAC in nonstroke patients, although with a lower frequency than in stroke patients. A high prevalence of IAC in stroke-free patients was first described by Chen et al. (15) , who found a prevalence of 76.4% of IAC in their control group, compared with a high value of 92.6% in stroke patients (P Ͻ 0.01). The high prevalence of IAC in nonstroke patients could suggest that IAC may not be linked to atherosclerosis-related stroke. However, the frequency of IAC was significantly higher in stroke patients than in nonstroke patients. Moreover, stroke was selected in a multivariate analysis as an independent factor associated with IAC. Although we have no information regarding atherosclerosis lesions in nonstroke patients, their clinical characteristics (e.g., the frequency of diabetes, hypertension, and hyperlipidemia) ar- Results are presented either as means Ϯ standard deviation (age and GFR) or as n (%) with n ϭ number of patients and % ϭ percentage of patients in the group. CAD, coronary artery disease; PAD, peripheral artery disease; GFR, glomerular filtration rate estimated using the four-component Modification of Diet in Renal Disease equation.
gue in favor of the presence of such damage, albeit in a less severe form than in stroke patients. It has long been suggested that intracranial atherosclerosis is a potential marker of extensive systemic atherosclerotic disease (34) . In light of our results and the fact that carotid atherosclerosis and coronary atherosclerosis develop simultaneously and are associated with aortic arch atherosclerosis (35, 36) , we hypothesize that IAC could be a marker of widespread systemic atherosclerosis. Further prospective studies are needed to confirm this hypothesis.
We observed that GFR was an independent predictor of IAC in patients hospitalized for stroke and in patients with other neurologic disorders. Although this type of association has not been reported in ischemic stroke patients, a strong relationship between atherosclerosis and calcification has been established in CKD patients. Atherosclerosis is the most frequent underlying cause of cardiovascular disease in patients with end-stage renal disease (37) (38) (39) . Furthermore, there is evidence to suggest that the increased risk of ischemic stroke in CKD patients can be partly explained by more advanced atherosclerotic disease (37, 40) , which is characterized by a high degree of medial and intimal calcification (4, 5) . This relationship can also be applied to patients with more moderate degrees of renal function impairment, suggesting a graded worsening of atherosclerosis in parallel with renal failure (41,42) (review by Vanholder et al. [3] ). The present study showed that greater degrees of renal dysfunction were associated with higher IAC scores, although this relationship was not linear and was mainly due to the comparison between grade I and II and grade III and IV MDRD subgroups. This relationship remains to be investigated in a specifically designed study. It would also be interesting to explore the relationship between IAC and CKD in a younger stroke population (to exclude an age effect).
Lastly, we did not find any association between IAC and the length of hospitalization. This negative result does not support the hypothesis whereby patients with IAC suffer from a more severe stroke. However, the outcome is usually measured 3 mo after stroke onset and according to specific scales (24) . Our study protocol was not designed to examine the issue of poorer outcomes in the presence of IAC. Hence, assessment of the association between IAC and stroke outcome requires further investigation.
Our study presents a number of limitations. Our cohort was restricted to patients with neurologic disorders. Furthermore, we used estimations of GFR rather than direct measurements, and serum creatinine was measured only once, thereby disregarding possible intraindividual fluctuations. Lastly, data on microalbuminuria or other renal-specific factors were not available. However, the method used in this study to assess vascular calcification is widely available and relatively inexpensive and is the most common imaging study prescribed in the initial assessment of stroke patients. IAC therefore provides immediate vascular information in stroke patients. We therefore strongly support the use of screening for IAC in ischemic stroke patients to detect the severity of systemic atherosclerosis disease. Further studies are required to determine whether IAC is also predictive of short-term and long-term outcomes in these patients.
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